ABSTRACT. Alpine regions in Europe, in particular, face demanding local challenges, e.g., the decline in the agriculture and timber industries, and are also prone to global changes, such as in climate, with potentially severe impacts on tourism. We focus on the Visp region in the Upper Valais, Switzerland, and ask how the process of stakeholder involvement in research practice can contribute to a better understanding of the specific challenges and future development of mountainous regions under global change. Based on a coupled human-environment system (HES) perspective, we carried out a formative scenario analysis to develop a set of scenarios for the future directions of the Visp region. In addition, we linked these regional scenarios to context scenarios developed at the global and Swiss levels via an external consistency analysis. This method allows the coupling of both the scenario building process and the scenarios as such. We used a functional-dynamic approach to theory-practice cooperation, i.e., the involvement of key stakeholders from, for example, tourism, forestry, and administration, differed in type and intensity during the steps of the research process. In our study, we experienced strong problem awareness among the stakeholders concerning the impacts of global change and local challenges. The guiding research question was commonly defined and problem ownership was more or less balanced. We arrived at six multiscale scenarios that open up future trajectories for the Visp region, and present generic strategies to cope with global and local challenges. The results show that local identity, spatial planning, community budget, and demographic development are important steering elements in the region's future development. We suggest that method-guided transdisciplinary processes result in a richer picture and a more systemic understanding, which enable a discussion of critical and surprising issues.
INTRODUCTION
Since European industrialization, Swiss mountain regions have undergone fundamental societal and economic changes (Collantes 2009 ). The populations in many remote villages have decreased and become concentrated in small towns on the valley floors. Traditional sectors, such as the agriculture and timber industries, declined whereas the service sector, particularly tourism, has become the economic backbone in many regions (Federal Office for Spatial Development 2005 , Kopainsky 2005 , Soliva 2007, Schild and Sharma 2011) . These societal and economic transitions were often accompanied by expanded settlement and infrastructure as well as declining agricultural activities. Thus, they tended to result in considerable changes in ecosystem services, such as scenic beauty, recreation, and avalanche protection (Grêt-Regamey et al. 2008) . At the same time, the Swiss alpine regions have been projected to experience severe climate change impacts, for instance, decreased snow reliability, melting of glaciers, and a higher frequency of natural hazards (Beniston 2005 , OcCC 2007 .
To achieve a better understanding of these kinds of real-world challenges, besides basic research by natural science yielding generalizable results, there is a need for interdisciplinary frameworks that take into account the complexity of humanenvironment systems (HES), and relate natural to social science knowledge (Folke 2006 , Liu et al. 2007 , Ostrom 2009 , Scholz 2011 . Multiscale scenarios have been suggested as a useful method for achieving this (Scholz and Tietje 2002 , Zurek and Henrichs 2007 . However, interdisciplinarity frameworks are a first necessary, but not a sufficient step to achieve a more comprehensive understanding of a region studied. To acknowledge problems that regional inhabitants and decision makers perceive as the most pressing, and to consider regional specificities, scientists need to go beyond an interdisciplinary "science for society" paradigm, and move to a transdisciplinary mode of "science with society" (Scholz 2011) . Transdisciplinarity starts from the assumption that scientists and practitioners are experts in different knowledge domains in which both sides may benefit from a mutual learning process , Stauffacher et al. 2008 . This transdisciplinary learning process may result in socially robust knowledge and a more comprehensive systemic understanding of the problem at hand.
We focused on the Visp region in the Upper Valais, Switzerland, a typical inner alpine region, and aimed to build a systemic and contextualized, stakeholder-based understanding 1 Natural and Social Science Interface, Institute for Environmental Decisions, Swiss Federal Institute of Technology (ETH) Zurich, 2 Natural and Social Science Interface, 3 Institute for Environmental Decisions, 4 Swiss Federal Institute of Technology (ETH) Zurich http://www.ecologyandsociety.org/vol18/iss2/art43/ of this region. We specifically asked how the process of stakeholder involvement in research practice could contribute to a better understanding of the challenges and future development of mountain regions facing global change. To answer this question, we set up scenarios for the Visp region and linked them to context scenarios, also termed shell scenarios, developed for the global and Swiss scales. We developed these multiscale scenarios in close collaboration with key stakeholders from the Visp region, working in tourism, forestry, and administration, for instance. The aim was twofold: first, to shed light on the methodological question of how to produce multiscale scenarios by combining expertise about global to national developments with knowledge on more specific regional developments. The second aim was to arrive at a more systemic and stakeholder-based understanding of the study region by means of scenarios, i.e., an illustration to anticipate possible futures of the Visp region. This study was conducted in the frame of MOUNTLAND (http://www. cces.ethz.ch/projects/sulu/MOUNTLAND), an integrative project that deals with the challenges of global change in Swiss mountain regions and its impact on ecosystem services (Huber et al. 2013a,b) .
THE STUDY REGION
Any analysis of a coupled human-environment system should start with a comprehensive understanding of the environment (Scholz 2011) . The Visp region is part of the district of Visp and is located in the canton of Valais in southern Switzerland (Fig. 1 ). We will only use the term "Visp region" to refer to the study region, including the Saas Valley, and speak of the "district of Visp" and the "city of Visp" to express these other meanings. The district of Visp, including the Saas Valley, was discovered as early as the fourth century BC. After medieval times, life in the Saas Valley was still shaped by its inaccessibility, and farming was the basic source of subsistence. Despite adverse conditions and several crises, the valley finally became more populated during the 18th and 19th centuries because the inhabitants relied on their traditional skills and knowledge (Senglet 1991 With a total area of 34,349 km², the Visp region spans the area from the remote side valley of Baltschieder and the city of Visp (651 m; picture A in Fig. 2 ) to the main valleys of the Visp and Saas rivers. Important tourism destinations, such as Saas-Fee (1798 m), the Mattmark reservoir, and the Italian border are all located at high elevations in the south. The region represents one of the most important tourist destinations in Switzerland (picture C in Fig. 2 ), and it also has strong economic activities in industry and waterpower (Zajc et al. 2004) . The Visp region is characterized by a continental inner-alpine climate with relatively low precipitation and moderate temperatures. As illustrated in Figure 2 , different land use types can be found in the study region. Compared to 1985, forested land increased by 576 ha, at the expense of agricultural areas, and the other land use types did not change significantly (Swiss Areal Statistic 2012) .
The impacts of climate change may become a serious threat to Swiss mountain regions (OcCC 2007) . Projected changes in temperature range from +1.2 °C to +2.8 °C in the winter, and from +1.7 °C to +2.5 °C in the summer. Projected precipitation changes range from -1.4 mm to +8.9 mm in the winter and from -8.1 mm to +1.1 mm in the summer, for 2040 -2060 . For the Visp region, it is projected that glaciers might melt to almost 60% (Huss et al. 2010) . The likelihood of natural hazards, such as mudslides, landslides, avalanches, rock falls, and floods depends on changes in temperature and precipitation, and is likely to increase by 2050 (OcCC 2007 , Bättig et al. 2011 . Each of these phenomena will potentially cause severe impacts on tourism, both directly, e.g., through impacts on infrastructure, such as cable railways, and indirectly, e.g., through a drop in the number of visitors due to fear of natural hazards (Nöthiger and Elsasser 2004) . In addition, snow reliability is a crucial factor for winter tourism, such as in Saas-Fee, and it will alter with climatic change (Rixen et al. 2011 ).
Ecology and Society 18(2): 43 http://www.ecologyandsociety.org/vol18/iss2/art43/ Fig. 2 . Illustration of the study area showing main land use types and four subregions: the valley entrance to the city of Visp (A), historical houses (B), glaciers tourism above SaasFee (C), and a forested area (D). Pictures were taken by the project team. In 2009, agriculture accounted for 4023 ha (11.7% of the whole region), forested/wooded areas 7631 ha (22.2%), settlement/urban 853 ha (2.5%), unproductive vegetation areas 3837 ha (11.2%), bare land (glaciers and rocky surfaces) 17,464 ha (50.8%), and water surface 541 ha (1.6%).
DESIGN AND METHODS
We aimed to develop a systemic understanding of the Visp region, its challenges, and possible future development trajectories. Based on a stakeholder analysis and selection, we conducted a formative scenario analysis (FSA) for the Visp region and linked the results to context scenarios via an external consistency analysis (Fig. 3) . The multiscale scenarios have been developed in close collaboration with key stakeholders from the study region (Table 1) .
Stakeholder analysis and selection
Human systems can be represented as hierarchically organized and can include several levels, such as the individual, the organization, and the institution (Scholz 2011) . With the hierarchy of human systems in mind, we carried out a stakeholder analysis (Reed et al. 2009 ) to cover the most important human systems and sectors, e.g., tourism, forestry, agriculture, planning, and industry, in the Visp region. We also aimed to include representatives from as many communities as possible. As a result, we invited 16 people working in tourism, forestry, agriculture (winery), the chemical industry, administration and policy, nature conservation, and water management. Participation was voluntary for each workshop and no expenses were paid. Fig. 3 . Design of our scenario study combining the global/ national and the local levels by means of an external consistency analysis to arrive at joint storylines.
Formative scenario analysis including external consistency analysis
In cooperation with the stakeholders, we carried out a scenario analysis. One aim of scenarios is to widen perspectives and to clarify crucial decision points in the light of a variety of possible futures (Scholz and Tietje 2002 , Durance and Godet 2010 . They can serve various functions in transition processes, for instance, establishing the basis for capacity building and strategy formation, as well as providing input variables for computer models ).
We used an FSA, which is a highly transparent method of integrating qualitative and quantitative knowledge and gives form to a set of consistent and plausible scenarios of future development (Scholz and Tietje 2002, Spoerri et al. 2009 ). The analysis comprised 12 steps that can be subgrouped into 5 different phases (Fig. 4 ). These are: system and goal definition, definition of context scenarios, system analysis, projection phase, and local and multiscale scenario selection and interpretation phase (Spoerri et al. 2009 ). In addition, we combined the FSA with a functional-dynamic approach to transdisciplinary processes (Stauffacher et al. 2008 , Krütli et al. 2010 , Trutnevyte et al. 2011 T. Von Wirth, U. Wissen Hayek, A. Kunze, N. Neuenschwander, M. Stauffacher, G. Schmitt, and R. W. Scholz, unpublished manuscript) to establish a mutual learning process between scientists and practitioners. The involvement of stakeholders differed in intensity and type along the steps of the FSA, and ranged from information, e.g., reporting results via e-mail, and consultation, e.g., via e-mail conversations and telephone inquiries, to collaboration, i.e., mutual learning processes in workshops.
(1) System and goal definition: The system boundaries and the goals of the MOUNTLAND project were discussed with a steering group of stakeholders before the actual initiation of our study. In the first workshop of our study, the system boundaries were defined for the Visp region, with a time horizon of 2050. In addition, the guiding question, which asked how to orient land use measures to achieve desirable long-term development, including the maintenance of well-being and important ecosystem services despite prevalent global change, was identified (step 1.1).
(2) Definition of context scenarios:
The context scenario group of MOUNTLAND derived basic assumptions from the Intergovernmental Panel on Climate Change (IPCC) scenarios and customized these scenarios to the specific land use focus and purposes of MOUNTLAND. Four context scenarios were thus developed (step 2.1): growth and convergence, regional centers, green growth, and local sustainability (A. Walz, J. M. Braendle, D. J. Lang, F. S. Brand, S. Briner, C. Elkin, C. Hirschi, R. Huber, H. Lischke, and D.
R. Schmatz, unpublished manuscript). (3) System analysis:
A particularly important aspect of the first meeting with the regional stakeholders was getting to know each other and building mutual trust. For the scenarios, we identified current and future opportunities and challenges of the study region in individual brainstorming sessions and group discussions, to gain insights into the structure, function, and history of the case. Prepared with knowledge from available literature and the constraints set by the context scenarios, together with the stakeholders, we identified the most important impact factors for the regional scenarios (step 3.1). Each of these factors was defined as a "system element that influences the behavior or is influenced by other system elements" (Spoerri et al. 2009:593) . In subsequent work, we unified overlapping factors to arrive at a still manageable final list of 20 impact factors. We have grouped these impact factors according to the following sectors: environment, construction, policy, agriculture, forestry, renewable energy, tourism, economy, and social developments ( Table 2 , columns 1 and 2). The first two factors correspond to the environment, whereas the other factors represent the human part of the coupled humanenvironment system. The impact factors differ with respect to their active or passive function in the system. This can be illustrated by means of a system grid ( Fig. 5) , a feature the scenario software used allowed us to produce.
During the impact assessment (step 3.2), we assessed all direct impacts between all pairs of impact factors in an impact matrix (Appendix 1) using an ordinal scale, i.e., from -2: strong impedimental impact, to +2: strong conducive impact. The impact assessment was conducted by two of the authors separately. We additionally consulted specific stakeholders by e-mail, focusing on their respective fields of competence. In cases of disagreement, either discussion resulted in a joint value or the intermediate value of the individual judgments was used. For the impact analysis (step 3.3), we used system analysis software (Tietje 2010 ) that also included a Mic-Mac analysis that assessed the indirect effects one factor displayed on another factor via a chain of still other factors (Scholz and Tietje 2002) . In this step, because it mainly consisted of technical work, stakeholders were only informed about the current process.
(4) Projection phase:
For each impact factor, we identified possible and plausible future states (step 4.1), representing trends and surprising or innovative development directions (Table 2 , column 3). This Table 2 . Impact factors of our study system with definitions and description of their respective future states. It is important to note that the impact factors differ in their complexity. Please also note that in a genuine formative scenario analysis (FSA) all future states are defined complementary to each other. We did not completely follow this approach in our study, particularly if future states are defined as a combination of aspects. In these cases, some of the future states may be partly overlapping. 2) High extension of construction activities with poor quality Urban sprawl and homogenization leads to high construction activity in housing and commercial buildings 3) Low or no extension of construction activities with increased quality Regionally specific construction and settlement quality 4) Hazard protection measures Inventory of and investment in measures to protect against natural hazards 1) High level protection policy Anticipatory coordination structure for all natural hazards and high investment 2) Low level protection policy Low investment and low problem anticipation 5) Spatial Planning Way of cantonal and municipal land use planning and zoning policies (degree of coordination between the municipalities, the presence and seriousness of the rules for qualifying and use of zones) 1) Very restrictive planning and zoning activities Sustainable regional development as aim, curbing urban sprawl 2) Moderate restrictive planning and zoning activities A positive process for the resolution of spatial conflicts 3) 'Laissez-faire' planning and zoning activities Spatial policy and zoning plans allowing for sprawl 6) Nature protection measures Intensity and area fraction of the measures of the canton and the communities for conservation: protected areas of all categories, landscape conservation, species protection 1) Extension of nature protection measures Solidarity of nature conservation and tourism; creation of national parks, elaboration of concepts for regional landscape development 2) Reduction of nature protection measures Extensive tourism vs. conservation; low investment in nature conservation, drop of protected areas 7) Support of enterprises for local goods Promotion, the number and condition of regional processing plants for agricultural and forestry products and their marketing, diversity of regional product range 2) High degree of coherence among municipalities Collective definition of objectives and optimized processes, up to comprehensive and synergistic municipal mergers, linking tourism offers 3) Low degree of coherence among municipalities Coordination problems, no cooperation; strong development toward "centers;" death of certain villages step was conducted based on relevant literature, as well as on e-mail conversations with three stakeholders. The aim was to be as concrete and quantitative as possible, for instance, using percentage values for increase/decrease of migration from Swiss Statistics projections. We got important information from the stakeholders, especially with respect to the issues of construction activities, spatial planning, development of economic sectors, and cooperation. We also consulted scientific experts from the project team to clarify specific topics, with respect to forestry policy, for instance. In the consistency assessment (step 4.2), we determined the relationship between all future levels of all impact factors with reference to an ordinal scale (-2 to +2) according to Tietje (2005) . The consistency relations were assessed by two of the authors separately. As for the impact assessment, in cases of disagreement, discussions lead either to an agreed value or to a compromise using the intermediate value of the individual judgments. The consistency matrix can be found in Appendix 2.
The scenarios were constructed from the consistency matrix (step 4.3) facilitated by standard software for consistency analysis (Tietje 2010 ). This software calculated consistency indices for all possible scenarios, and for each scenario showed the number of inconsistencies, the additive consistency, i.e., the sum of all consistency values, and the multiplicative consistency, i.e., the product of all consistency values (Tietje 2005) . A scenario was then understood as "a complete combination of specific future levels of all impact factors" (Spoerri et al. 2009:594-595) . In total, the software produced 181,398,528 possible scenarios.
(5) Local and multiscale scenario selection and interpretation phase:
The final set of scenarios for the Visp region was selected from this number of scenarios by applying three criteria from Tietje (2005) : (1) local efficiency, (2) the distance-to-selected criterion, and (3) the max-min criterion. This allowed us to arrive at a representative set of highly consistent scenarios. . The arrow that is drawn from "impact analysis" back to "impact factor identification" illustrates that the selection of impact factors can be reassessed by using the impact analysis. The figure has been developed with reference to von Wirth et al. (2012) .
Using this selection procedure, we chose a set of six scenarios (step 5.1): clumping risks, think big, backward development, retirement residence, export product energy Upper Valais, and take the reins. The regional scenarios were illustrated as a combination of specific future states of impact factors in the tables that explain the six multiscale scenarios (Tables 3, 4 and Appendices 3, 4, 5, 6).
A major step was to link both sets of scenarios, i.e., the regional and the context scenarios, by means of an external consistency analysis (Wiek et al. 2001 , Dürr 2006 . We first assessed the consistency between (1) the set of future states of the six selected regional scenarios for the Visp region, and (2) the set of future states of the four context scenarios developed by the context scenario group for the Swiss and international levels as described in step 2.1. Each pair of future states (a pair consists of one future state of an impact factor of the selected regional scenarios and one future state of an impact factor of the context scenarios) was rated on a consistency scale (-2 to +2). Subsequently, we added the consistency ratings for each combination of the six regional and the four context scenarios. Thus, we calculated for each of the 24 multiscale scenario combinations the additive consistency values, ranging from 20 to 39 (step 5.2). The consistency ratings helped to narrow down the full set of scenarios to the selected set.
To select consistent multiscale scenarios (step 5.3), we used two interplaying criteria, i.e., (1) a cutoff value for the additive consistency of 23.4, 40% below the maximum value because this excluded the rather inconsistent multiscale combinations The underlying values were omitted for simplicity. The activity and passivity ranks of local identity were three and one, respectively. Spatial planning ranked first for activity and 12 for passivity.
but left a sufficient number, and (2) representativeness, to arrive at a set of multiscale scenarios that covered all local and all context scenarios. Using this procedure, we selected six multiscale scenarios.
In the third workshop, we finally interpreted the selected multiscale scenarios with the stakeholders (step 5.4). Again, an important mutual learning process took place. The scientifically built scenarios were enriched by the local knowledge and experience of the stakeholders, and discussions arose about the consistency of specific future states and surprising development directions. The values and interests of stakeholders gathered in this workshop helped us to formulate catchy, contextualized, and plausible story lines.
RESULTS
We restricted ourselves to presenting (1) the system grid derived from the system analysis for the scenarios for the Visp region, and (2) the story lines of two of the multiscale scenarios. Important intermediate results, i.e., the impact matrix, the consistency matrix, and the other four multiscale scenarios are included in the appendices.
System grid
Activity is understood to be the effect of an impact factor on all the other impact factors, whereas passivity refers to the extent to which an impact factor is affected by all the other impact factors (Fig. 5) . Impact analysis includes the indirect impacts derived from a Mic-Mac analysis (steps 2.2 and 2.3). Correspondingly, the impact factors can be grouped into four categories: active, ambivalent, passive, and buffering (Scholz Ecology and Society 18(2): 43 http://www.ecologyandsociety.org/vol18/iss2/art43/ The region is hit hard by several detrimental national and international developments. The globally unabated climate change results in Switzerland in temperature changes, with increases of +2.2° in winter and +2.3° in summer and a precipitation of -1.4 mm in winter and -8.1 mm in summer, results to the melting of glaciers by 90%, reduces the frequency of snow-secure weather conditions and increases drought and frequency of fires (+17%) in summer. In addition, the massive damages done on the mountain railways and the high competition among skiing regions lead to the decrease of gains in tourism. Because of the liberalization of the federal agricultural policy and the falling prices of agricultural products, the employment rate and the used area in agriculture shrink. Lonza follows the national trend and abandons the location of Visp to move to lowland agglomerations. Consequently, many well-educated people emigrate from the region. Moreover, forestry is strongly affected by the dry climatic conditions in summer. These disadvantageous developments amount to a "clumping risk." To counteract these negative conditions, the region tries to jointly invest in top destination tourism and its marketing. This strategy, howver, partly fails. Tax deficits lead to a decrease in the financial margin of the communities and affect the infrastructure for basic services, culture and sports as well as the overall quality of life. The population of the region faces the consequences of these detrimental developments. Cooperation between communities is high, but it is not enough to solve the problem. The tourism sector in the Visp region greatly benefits from the global trends. The impact of climate change is kept low both by an orchestrated international mitigation policy and by anticipative regional (technical and natural) adaptation measures (in Switzerland temperature: +1.2° in winter and +1.7° in summer; precipitation: +8.9 mm in winter and +1.1 mm in summer). Recreational and weekend tourism, glacier experiences, and sustainable tourism in the Alps are very popular all over Switzerland and internationally. A joint destination management in the region takes up this trend and favors big labels and innovative concepts (Think Big: Oberwallis: Matter-/ Saas-valley, "highest vineyard of Europe," stronger link to agrotourism), resulting to the rise of the number of tourists and profits during the winter and summer. This development is supported by a strategy that fosters the cultural heritage and environmental quality of the region. An ecologically focused federal policy and the rising prices of agricultural products facilitate a regionally typical agriculture and the commercialization of local products. Sustainable forestry contributes to the high recreational value of the region. The strong local identity of the population supports the cultural heritage in the region, which is characterized by a regionally typical construction activity and the establishment of learning centers for local knowledge. Because of the positive economic development and the care for the cultural heritage there is a high quality of life and the population (distribution) remains more or less constant over time. http://www.ecologyandsociety.org/vol18/iss2/art43/ and Tietje 2002 , Spoerri et al. 2009 ). The values (not shown in Figure 5 ) are not to be understood in absolute terms; rather, they indicate the relative activity/passivity of the respective factors.
Derived from Figure 5 , three impact factors, i.e., spatial planning, budget, and demographic development, were counted as active and represented control factors for system regulations (for all the characterizations of these categories see Spoerri et al. 2009 ). This result mirrored the perspective of the local stakeholders and was plausible, for instance, when considering the central role of the zoning plan, a spatial planning measure of the communities. Five factors, i.e., environmental quality, type of forestry management, type of agricultural management, promotion of enterprises for local goods, and local identity, were denoted ambivalent, indicating that these factors were highly important, having high values for both passivity and activity. At the same time, these system elements are highly sensitive and their effects on the system's dynamics are unpredictable. Five factors, i.e., quality of life, design of conditions for inhabitants, regional marketing, nature protection measures, and development of sectors were passive. Thus, these factors are reactive in nature and represent indicators of the system state. Finally, seven factors, i.e., construction activities, touristic infrastructure, cooperation, use of potential renewable energies, hazard protection measures, design of conditions for enterprises, and probability and extent of natural hazards and extreme events, were buffering and considered stabilizers of the system.
In addition, we can derive that the active factor, spatial planning, exerted the strongest influence on the system and was at the same time considerably affected by other system factors (Fig. 5) . Furthermore, local identity was the most important factor in the system because it had the highest total rank. The system grid illustrates the relative importance of impact factors within the coupled HES. As can be inferred from Figure 5 , not only human factors, such as spatial planning and budget, are important for the further development of the HES, but also environmental factors, such as environmental quality, play a decisive role.
Multiscale scenarios
Two scenarios reflected rather surprising, innovative, or critical development trajectories for the Visp region. The first scenario (Table 3) , termed "clumping risks in a neoliberal world," was the combination of the scenarios "growth and convergence" (context) and "clumping risks" (the Visp region). The Visp region was hit hard by several detrimental national and international developments, leading to decreased gains in tourism and a decrease in employment in agriculture. In addition, Lonza, the biggest industrial employer in the region, followed the national trend and abandoned its location city of Visp to move to lowland agglomerations, which resulted in the emigration of many well-educated people.
The second scenario (Table 4) , termed "realize potentials based on green growth," combined the "green growth" (context) and "think big" (the Visp region) scenarios. A joint destination management institution in the region took up the international trend for recreational and weekend tourism, glacier experiences, and sustainable tourism in the Alps, and favored big labels and innovative concepts, e.g., "Upper Valais: Matter/Saas-valley," "highest vineyard in Europe," and stronger links to agrotourism. This resulted in rising attendances and gains in winter and summer tourism.
DISCUSSION
The set of multiscale scenarios has been developed based on a transdisciplinary and mutual learning processes between science and practice. Thus, it covers scientific and practical epistemic values. We did not scientifically assess the societal impact of our study, as for instance, was done in Walter et al. (2007) , but we still generated insights rated important by the stakeholders involved. In general, transdisciplinary processes can build capacity, consensus, analytic mediation, and legitimization (Scholz 2011) .
The stakeholders had intermediate to strong problem awareness concerning the impacts of climate/global change and local challenges (Lang et al. 2012 ). The research objective was commonly defined and conceptualized in the first workshop by the joint identification of impact factors. There was some underrepresentation of relevant actor groups, such as hotel owners and industry representatives, even though they were invited to the workshops. All stakeholders agreed with the use of the FSA as a method for integration. However, an FSA only takes into account, to a certain degree, the complexity of an HES. For instance, the number of impact factors that can be integrated in the study is reasonably limited to 20. There was some discontinuous participation of stakeholders in the workshops. However, at least six representatives came to all of the workshops and provided some continuity. Concerning the transferability of our results, we suggested that the results were, at first, only useful for the Visp region. However, Visp is a typical European alpine region with typical challenges, and thus, we argue that the results could easily be compared to similar studies in other regions. With respect to its societal impact, there was some friction between the results of our study and political processes. This gap could have been bridged by a stronger involvement of policy and decision makers from the very beginning. However, results will be transferred to stakeholders in the form of a report that is easily accessible. In general, in transdisciplinary research, societal impact is generated by an ongoing learning process between science and practice. This replaces the direct impact from "truth" to "power," as well as centralized steering ideas (Scholz 2011 , Lang et al. 2012 ).
In addition, trust and consensus building was successfully achieved during the stakeholder workshops. This can be Ecology and Society 18(2): 43 http://www.ecologyandsociety.org/vol18/iss2/art43/ illustrated through our observation of a change from a rather skeptical view on the planned scenarios prevalent in the first workshop, toward an enthusiastic discussion of future trajectories and also of critical and surprising issues, such as the decline in top destination tourism, shrinkage of industry, and the cooperation of the tourism department of Matter Valley, a further important destination for winter tourism and a current rival. The discussions of the critical and surprising topics are illustrated in the two multiscale scenarios "clumping risks in a neoliberal world" and "realize potentials based on green growth," (Table 3 , 4). These extreme risks or courageous steps were not considered by the stakeholders in the beginning. Instead, the discussions avoided the critical combination of climatic and economic risks in the region. In our view, one basic purpose of the scenarios was to consider unwanted but possible futures instead of wishful thinking. Considering a more systemic and realistic picture was a valuable asset for the stakeholders and the scientists.
We consequently arrived at six multiscale scenarios that cover the global, the Swiss, and the regional levels. The scenarios represent illustrations of how to approach a systemic picture of the study region, anticipate possible futures, and point to strategies to cope with local and global challenges. Our study adds an alpine example to the multiscale scenarios already developed in other contexts, such as Europe, Africa, Canada, Latin America, and the Caribbean (Kok et al. 2006a , 2006b , 2007 , Shaw et al. 2009 , Özkaynak and Rodriguez-Labajos 2010 , Saner et al. 2011 . Vivid discussions exist on how scenarios can be linked across the various scales , Zurek and Henrichs 2007 . Zurek and Henrichs (2007) point out the difference between: (1) coupling the scenario building processes, and (2) linking the scenario elements and outcomes.
The method we used to link the scenarios across the scales, external consistency analysis, assessed the consistency among the future states of the specific scenarios according to an ordinal scale (Wiek et al. 2001 , Dürr 2006 . The advantage of using this method was that it allowed us to couple the scenario building process, e.g., by adjusting the selection of impact factors, and to subsequently link the scenario outcomes by an external consistency analysis. We are aware that our study is limited to some extent because a few steps of the analysis, for example, the consistency analysis and the external consistency analysis, would have profited from a consultative or collaborative mode of stakeholder involvement. This was omitted because of time constraints and the limited availability of stakeholders.
In addition, the qualitative system analysis and the resulting system grid displayed in Figure 5 show that local identity, defined rather broadly as the importance of the region, its products, and its traditions in the everyday lives of its residents, is the most important system element. It plays a crucial but unpredictable role in the future development of the Visp region. The regional population has repeatedly proven to be rather enduring, given that their traditional values and identities are still intact (Senglet 1991) . This would help in overcoming new crises. The importance of local identity came as a surprise because it is a cultural factor. Moreover, it is "soft" compared to community budget and spatial planning. The importance of local identity for sound adaptation strategies in the alpine regions is supported by the results of Loibl and Walz (2010) for Davos, and Zanon and Geneletti (2011) for Trentino. In addition, Hirschi (2010) and Ingold et al. (2010) point out the importance of the additional soft factors of regional cohesion and collaborative networks.
CONCLUSION
From the HES perspective, it is important to take into account the social and environmental aspects, as well as their interplay, when considering the future developments of mountain regions that are facing global change. In MOUNTLAND, the project that frames this study (Huber et al. 2013b) , environmental expertise has been abundant. However, regional knowledge was a subject that required investigation through the transdisciplinary stakeholder process. It was necessary to gain more insight into the complex dynamics of the Visp region today and historically to make claims for potential future strategies. The combination of regional knowledge gained through an FSA with stakeholders from different domains, and expert-based knowledge, in the form of context scenarios, to arrive at plausible multiscale scenarios forms a potentially successful template, which may also be useful for other contexts. For projects facing a limited budget and time constraints regarding interaction with stakeholders, the FSA and the functional-dynamic approach to stakeholder involvement are efficient means for advancing regional scenarios.
We combined the FSA with an HES perspective and a functional-dynamic concept of stakeholder involvement to link the scenarios across the scales. Consequently, the study contributes to the ongoing discussion on how to arrive at multiscale scenarios , Zurek and Henrichs 2007 . It also suggests a method that allows the coupling of both the scenario building process and the scenarios as such. We asked how the process of stakeholder involvement in the research practice could contribute to a better understanding of the challenges and future development of mountain regions that are facing global change. We showed that the place-based knowledge and values of stakeholders were very important elements in broadening perspectives and in developing strategies that were geared toward more desirable states. In addition, a transdisciplinary approach makes sure that scientists focus on problems that are really relevant for the people in the study regions. http://www.ecologyandsociety.org/vol18/iss2/art43/ Our research is only one step on the way toward methodguided, HES-based, transdisciplinary processes (Scholz 2011) . Sustainability science needs to systematically analyze the complexity of a coupled HES, with support from adequate forms of theory-practice cooperation and integrative methods, such as FSA, system dynamics, or multiagent modeling (Scholz 2011) . This would allow the building of socially robust orientations for transitions toward sustainability.
Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/4972
